Pancreatic cancer is the most aggressive form of cancer and has an exceptionally high global mortality rate, with an estimated 267,000 deaths worldwide in 2008. It ranks 8th or 9th as the most frequent cause of cancer death worldwide and is the 4th or 5th most frequent cause of cancer death in most developed countries, including the United States, Europe, and Japan. Moreover, it has been estimated that the number of deaths from pancreatic cancer will reach 484,000 by 2030 [1] . As cancers increase in size, their immediate environment often becomes heterogeneous and some regions of large cancers often possess microenvironmental niches, which exhibit a significant gradient of critical metabolites including oxygen, glucose, other nutrients, and growth factors [2] . Thus, angiogenesis is regarded as the key step in tumor progression, and antiangiogenesis is the most promising cancer therapy, and extensive studies have been conducted to prevent tumor angiogenesis. However, pancreatic cancer survives with an extremely poor blood supply and becomes more malignant [3] . It is also largely resistant to most known chemotherapeutic agents, including 5-fluorouracil, Taxol ® , doxorubicin, cisplatin, and camptothecin [4] . Therefore, effective chemotherapeutic agents that target pancreatic cancer are urgently needed. Human pancreatic cancer cells show a remarkable tolerance to extreme nutrient starvation [5] , enabling them to survive under hypovascular conditions. Therefore, it has been hypothesized that eliminating the tolerance of cancer cells to nutrition starvation may allow a novel biochemical approach, known as "anti-austerity", for cancer therapy [6, 7] . Considering this hypothesis, we searched for anti-austerity agents in medicinal plants using the human pancreatic cancer cell line PANC-1 and identified (-)-arctigenin as an active constituent of Arctium lappa [8] .
In a continuing study, we examined the preferential cytotoxicity of arctigenin-related compounds and the following structural moieties could be concluded to be important for the preferential cytotoxicity of arctigenin: 1) the 3-hydroxy-4-methoxyphenyl group at the 2-position on the -butyrolactone ring, 2) the less polar substituent at the 3-position on the -butyrolactone ring, and 3) the -butyrolactone ring [9] . On the other hand, it is well known that the chirality is important for pharmacological activity and/or toxicity [10, 11] . In order to clarify the effect of the absolute configuration, we examined the preferential cytotoxicity of (+)-arctigenin derivatives.
(+)-Arctigenin derivatives are reported to be contained in Wikstroemia indica C.A.Mey (Thymelaeaceae) [10] . Thus, a dry CHCl 3 extract from powdered roots of W. indica was separated by MPLC, followed by purification by preparative TLC, to give six (+)-enantiomers of arctigenin (1) [10] , matairesinol (2) [13] , trachelogenin (3) [14] , nortrachelogenin (4) [15] , hinokinin (5) [16] , and kusunokinin (6) [13] , which have the 2S,3S absolute configuration ( Figure 1 ). In the separation procedure, we also obtained a new guaian-type sesquiterpene (4,10,11-guaiatrien-3one-14-oic acid) and eight known compounds: oleodaphnal, 1,7,10H-guaia-4,11-dien-3-one, 7-methoxycoumarin, 7hydroxycoumarin (umbelliferone), daphnogitin, daphnoretin, salicifoliol, and (−)-pinoresinol [17] .
Among the seven arctigenin derivatives, on the other hand, (-)-enantiomers of arctigenin (1*) [9] , matairesinol (2*) [9] , and trachelogenin (3*) [18] were isolated from a CHCl 3 extract of the powdered stems of Trachelospermum asiaticum Nakai (Apocynaceae). Then, we evaluated the in vitro preferential cytotoxic activity of all of the isolated compounds against human pancreatic cancer PANC-1 cells in nutrient-deprived medium (NDM) ( Figure 2 ). The PANC-1 cell line is highly resistant to nutrient starvation, and can survive in NDM even after 48 h of starvation [6] [7] [8] . This tolerance to nutrient starvation was reported to be eliminated by (-)-arctigenin and (-)-matairesinol [8, 9] . As reported, (-)-enantiomers [(-)arctigenin (1*), (-)-matairesinol (2*), and (-)-trachelogenin (3*)], which have the (2R,3R)-absolute configuration, exhibited preferential cytotoxicity in a concentration-dependent manner with PC 50 values of 0.54, 6.82, and 5.85 M, respectively. However, the corresponding (+)-enantiomers [(+)-arctigenin (1), (+)-matairesinol (2), and (+)-trachelogenin (3)], which have the (2S,3S)-absolute configuration, showed no cytotoxicity both in NDM and in nutrientrich medium (DMEM). Likewise, other (+)-enantiomers [(+)nortrachelogenin (4), (+)-hinokinin (5) , and (+)-kusunokinin (6)] having the 2S,3S absolute configuration also exhibited no cytotoxicity. Thus, the (2R,3R)-absolute configuration of (-)enantiomers should be important for the preferential cytotoxicity. Likewise, none of the other isolated constituents revealed preferential cytotoxicity. We then performed Western blot analysis to see the effect of a (+)-and (−)-arctigenin against the activation of protein kinase B (PKB)/Akt, a key pathway involved in the cell survival mechanism in an austerity environment [5] [6] [7] .
The serine/threonine kinase PKB/Akt is constitutively activated in a majority of human pancreatic cancer cell lines [19] . High expression of phospho-Akt (Ser437) has been observed in PANC-1 cells exposed to nutrient starvation conditions, which is associated with the tolerance to nutrient deprivation, hypoxic, and other stress states [5] . Therefore, increased phospho-Akt (Ser437) expression is one of the austerity markers, and its inhibition is in part responsible for their preferential cytotoxicity during nutrient deprivation by antiausterity agents [8] . Therefore, we examined the effect of both (+)-and (−)-arctigenin enantiomers against the activation of Akt in DMEM and in NDM. As shown in Figure 3 , there was an approximately 1.5-fold increment of phospho-Akt (Ser437) in PANC-1 cells in NDM compared with PANC-1 cells in DMEM at 120 min of exposure. However, this effect was significantly diminished by (−)-arctigenin (1*) in a concentration-dependent manner. On the other hand, the effect of (+)-arctigenin (1) was too weak. These results clearly suggest that inhibition of Akt activation by (−)-arctigenin (1*) is responsible for the preferential death of PANC-1 cells in NDM. (+)-Arctigenin (1), which showed a weak inhibition of phospho-Akt (Ser437) expression, exhibited only a weak preferential cytotoxicity in NDM. These results strongly support the strict requirement of the (2R,3R)-absolute configuration in (-)-arctigenin (1*) and its derivative for the preferential cytotoxicity through the inhibition of Akt activation.
Experimental
General: Optical rotations were recorded on a JASCO DIP-140 digital polarimeter. IR spectra were measured with a Shimadzu IR-408 spectrophotometer in CHCl 3 solution. NMR spectra were recorded on a JEOL JNM-LA400 spectrometer with tetramethylsilane (TMS) as internal standard. HR-EI-MS were obtained on a JEOL JMS-700T mass spectrometer. Mediumpressure liquid chromatography (MPLC) was performed with a Büchi pump module C-650 system. CC was performed with silica gel (60N, spherical, neutral, 40-50 m, Kanto Chemical Co., Inc.) or reversed-phase silica gel (Cosmosil 75C 18 -OPN, Nakalai Tesque, Inc.). Analytical and preparative TLC was conducted on either precoated silica gel 60F 254 or RP-18F 254 plates (Merck, 0.25 or 0.50 mm thickness). [17] (2.5 mg), and 7-hydroxycoumarin (umbelliferone) [29, 21] (2.9 mg).
Plant material: Roots of

Isolation procedure from Trachelospermum asiaticum:
The powdered stems of T. asiaticum (3.1 kg) were extracted with CHCl 3 (2 × 10 L, 1 h each) under sonication; the mixture was filtered and the filtrate evaporated under reduced pressure to give a CHCl 3 extract (73.6 g). Part of this (12.5 g) was separated by CC on silica gel with a AcOEt: n-hexane solvent system and the eluates were combined to 13 fractions based on their behavior on TLC (fr. 1: 20% AcOEt-n-hexane, 99.6 mg; fr. 2: 25% AcOEtn-hexane, 594 mg; fr. 3: 45% AcOEt-n-hexane, 1.66 g; fr. 4: 50% AcOEt-n-hexane, 193 mg; fr. 5: 60% AcOEt-n-hexane, 341 mg; fr. 6: 65% AcOEt-n-hexane, 215 mg; fr. 7: 70% AcOEt-n-hexane, 180 mg; fr. 8: 75% AcOEt-n-hexane, 240 mg; fr. 9: 80% AcOEtn-hexane, 237 mg; fr. 10: 85% AcOEt-n-hexane, 300 mg; fr. 11: 90% AcOEt-n-hexane, 212 mg; fr. 12: 95% AcOEt-n-hexane, 830 mg; fr. 13: AcOEt eluate, 191 mg). Fraction 12 was separated by preparative TLC with 5% acetone-CHCl 3 to give 1* [9] − Abs (blank) )] × 100. The preferential cytotoxicity was expressed as the concentration at which 50% of cells died preferentially in NDM (PC 50 ).
Western blot analysis:
The proteins were separated by gel electrophoresis on a polyacrylamide gel containing 0.1% SDS and then transferred to nitrocellulose membranes. The membranes were blocked with PBS containing 5%, w/v, skim milk, washed with PBS containing 0.3% Tween 20 (Sigma), then incubated overnight at room temperature with Akt antibody and the phosphospecific (Ser437) Akt antibody (New England Biolabs, Ipswich, MA) diluted with PBS. After washing, the membranes were incubated for 2 h at room temperature with horseradish peroxidase-conjugated goat anti-rabbit IgG (Santa Cruz Biotechnology, Santa Cruz, CA) as the second antibody. The bands were detected with an enhanced chemiluminescence system (Amersham Biosciences UK Ltd., Buckinghamshire, United Kingdom). Quantitative analysis of Western blot was carried out with ImageJ software (NIH).
